Abstract In vitro conservation techniques can be utilized for germplasm maintenance. However, few reports on the in vitro conservation of sugarcane species are present in the literature. The objective of this study was to subject sugarcane plants to in vitro under minimal growth conditions and to evaluate the survival, regeneration, and the monitoring of nuclear DNA content levels of the plants. Shoots from 10 sugarcane varieties (Saccharum spp.) were introduced into two media: MC1, consisting of half-strength Murashige and Skoog (MS) salts and 3% sorbitol, or MC2, similar to the first formulation, but additionally supplemented with 3.8 μM abscisic acid (ABA). The shoots were maintained for up to 12 mo at 18°C in the presence of light. At the end of the period, the explants were inoculated onto multiplication medium containing 0.9 μM 6-benzylaminopurine (BAP) and 0.47 μM kinetin (Kin) for growth recovery. Flow cytometry analysis of shoots was verified at every 6 mo of storage. As a result, we found distinct behaviors of the varieties studied over the storage time, but in general, MC1 provided the greatest explant survival rates, with an average of approximately 80% cultures being able to recover. Once in the recovery media, the explant regrowth was fast, and the ability to multiply shoots was reestablished from the second 30-d subculture. However, by flow cytometry analysis, we observed a decrease in the estimated relative amount of DNA at 12 mo storage for most varieties examined, which was not observed when the monitoring was done at 6 mo. From these results, we conclude that sugarcane plants survived the minimal growth condition; however, maintaining the genotypes for extended periods in vitro may lead to variations in the estimated amount of nuclear DNA and, thus, be at risk of somaclonal variation.
Introduction
The development of biofuels from renewable resources is essential for the sustainability of the world economy, environmental preservation, and mitigation of the effects of CO 2 emissions (Matsuoka et al. 2009 ) considered mainly responsible for the greenhouse effect and global climate change (Cheng and Timilsina 2011) . Ethanol is produced from the fermentation of sugars such as sucrose and starch (Waclawovsky et al. 2010) . In the USA, ethanol production almost entirely originates from cornstarch. In Brazil, the juice from sugarcane is the preferred carbon source, accounting for about 80% of bioethanol production (Sainz 2009 ).
To meet the increasing demand of the domestic market, research has been increasingly focused on developing plant varieties with high biomass production and better responsiveness to different cultivation environments in Brazil, aiming at higher bioenergy production (Waclawovsky et al. 2010; Dos Santos et al. 2012) . Given the genetic variability of sugarcane included in the traditional, improved, and native species and varieties, it is necessary to preserve the gene pool with view to further genetic improvement. However, being a species that propagates vegetatively, germplasm preservation presents a disadvantage since the most practical conservation form is seeds, which are not a viable alternative (Martín et al. 2013) .
Thus far, the conservation of sugarcane germplasm is supplied from gene bank collections maintained in the field (Roach 1995) . However, with improvements in plant tissue culture techniques, in vitro conservation, in particular the minimal growth method, has become a useful alternative for the conservation of genetic resources of Saccharum spp. (Engelmann 2011; Martín et al. 2013) . The minimal growth method has been successfully used for conservation over the short-and medium-term especially meristems and/or shoot apices of many species and consists of reducing growth and increasing the intervals between subcultures, without significantly affecting the explant viability (Engelmann 2011) . This reduction in metabolic activity is generally achieved by modification of the physical environment and/or the composition of the culture medium (Scherwinski-Pereira and Costa 2010). The approaches widely used involve the reduction of cultivation temperature and addition of osmotically active compounds in the culture medium, such as sucrose, sorbitol, or mannitol (Marino et al. 2010) . Often, growth inhibitors, such as abscisic acid (ABA), are also used (Rai et al. 2011) . For sugarcane, the reduction of salts and vitamins was tested by Taylor and Dukic (1993) , osmotic stress was evaluated by Sarwar and Siddiqui (2004) , and the combination of factors by Lemos et al. (2002) . In these studies, although survival rates varied, none of them utilized genetic or cytological studies to evaluate the genetic stability of plants maintained in vitro.
Mainly for diploid plant species, molecular markers, such as Amplified Fragment Length Polymorphism (AFLP), Simple Sequence Repeat (SSR), and Inter-Simple Sequence Repeat (ISSR) have been successfully used for screening genetic stability of tissue culture plants (Huang et al. 2009; Neelakandan and Wang 2012; Singh et al. 2013) . However, for species with a complex level of polyploidy, such as sugarcane, these tools are unsuitable and results are difficult to interpret (Comai 2005; Park et al. 2012; Garcia et al. 2013) . On the other hand, cytological investigation of sugarcane using microscopic techniques is often difficult and complex due to the large number and small size of their chromosomes and existence of various cytotypes (Edmé et al. 2005; Suganya et al. 2012) . In this sense, the flow cytometry technique has gained special attention since it allows the estimation of the relative amount of nuclear DNA of plant cells quickly and with high precision (Jin et al. 2008; Bairu et al. 2011; Smulders and de Klerk 2011) . Overall, cytometry is able to distinguish between plants from the different cultivation techniques in vitro and has been widely applied in research involving many economically important species such as Vitis vinifera (Yang et al. 2008; Prado et al. 2010) , Gossypium hirsutum (Jin et al. 2008) , Musa spp. (Msogoya et al. 2011) , Passiflora spp. (Silva et al. 2011) , Elaeis guineensis (Madon et al. 2012) , Coffea arabica (Clarindo et al. 2012) , Prunus cerasus (Vujović et al. 2012) , and Musa acuminata (Escobedo-GraciaMedrano et al. 2014) . For sugarcane, to the best of our knowledge, no flow cytometry analysis of plants regenerated and/or maintained in vitro is available in the literature.
This work aimed to initially evaluate the survival and growth recovery of 10 Brazilian sugarcane varieties maintained under different minimal growth conditions in vitro. Additionally, the cultures were periodically assessed by flow cytometry to determine the nuclear DNA content levels of materials during and after the adopted procedures.
Material and Methods
To determine the best conditions for sugarcane germplasm conservation, a suitable culture medium was initially determined. For this experiment, initial shoots from two varieties of Saccharum spp. (IAC862210 and RB855453) were established and multiplied in vitro for up to three subcultures, according to the protocol of Nogueira et al. (2013) .
Determination of the culture medium to induce slow growth of the sugarcane genotypes. The culture medium that induced slow growth in sugarcane varieties was determined from three experiments. In the first experiment, we evaluated the Murashige and Skoog (MS) basic culture medium (Murashige and Skoog 1962) prepared under different salt concentrations: full-, ¾-, and ½-strength MS, with the original concentration of vitamins being maintained. In the second experiment, the effects of the addition of carbohydrates sucrose, sorbitol, or mannitol in MS culture medium in concentrations of 1%, 2%, or 3% (w/v) were evaluated. Finally, in a third experiment, the basic MS medium was supplemented with 0, 3.8, 7.6, 15.2, or 30 .4 μM abscisic acid (ABA). In this experiment, ABA was sterilized by filtration (0.22 μm Millipore, Tullagreen, Ireland) before being added to autoclaved culture medium.
In all three initial experiments, the culture media were adjusted to pH 5.8±0.1 before autoclaving at 121°C for 20 min at 1.5 atm pressure and solidified with 2.3 g L −1
Phytagel (Sigma, St. Louis, MO). The initial shoot size was standardized to ∼1.5 cm, and inoculated media were maintained in a growth room at 25±2°C, 12-h photoperiod, and 30 μmol m −2 s −1 irradiation. As a repetition, we used at least 10 test tubes (25×150 mm) with 10 mL of medium per treatment. In this first stage, the assessment of survival, formation, and height of shoots was conducted after 6 mo of storage. Once obtained, the data were evaluated, and the best two conservation treatments were used for the short-medium term genotype conservation experiment, as described below. Phytagel™, according to the protocol established by Gill et al. (2006) .
After 40 d of cultivation under light conditions, the regenerated shoots were transferred to 250-mL glass vials containing 30 mL of MS medium with added 3% sucrose, 0.47 μM Kin, 0.9 μM 6-benzylaminopurine (BAP), and solidified with 2.3 g L −1 Phytagel where they were multiplied by two subcultures of 30 d each in order to obtain the required number of shoots for the experiments.
Induction of minimal growth. For in vitro storage and verification of sugarcane shoot tolerance to minimal growth conditions, two formulations of the culture medium were tested. MC1 consisted of ½ MS salts plus 3% sorbitol and solidified with 2.3 g L −1 Phytagel. The second medium, called MC2, was similar to the first but additionally supplemented with 3.8 μM abscisic acid (ABA). The pH of both culture media was adjusted to 5.8±0.1 before autoclaving at 121°C at 1.5 atm for 20 min. After sterilization, ABA was added to the MC2 culture medium by microfiltration using a filter (0.22 μm). After inoculation in a laminar flow hood, the shoots were stored for up to 12 mo in an incubator chamber (model EL-202/3, Eletrolab Ltd., SP, Brazil) at a temperature of 18°C, 12-h photoperiod and irradiation of 30 μmol m −2 s −1
. During the storage period, no renewal of the culture medium was carried out.
As a repetition, we used 10 test tubes per variety within each treatment: presence and absence of ABA. Each test tube was filled with 10 mL of culture medium and received a shoot with an initial length of 1.5 cm.
Evaluation of survival was performed every 3 mo of storage by visual evaluations, while the length and the number of shoots and roots formed were evaluated only at the end of the experiment. After collecting the data regarding survival, they were analyzed following a split-plot scheme and compared by statistical regression by the Sisvar® program (Ferreira 2011) The other variables were evaluated according to a 2×10 factorial design (10 varieties×two culture media). Data in percentage were previously transformed by arcsine aiming to meet the assumptions necessary for the analysis. The comparison of means was made by the Scott-Knott test at 5% of probability.
Growth recovery. At the end of 12 mo of in vitro storage, the shoots were removed from their respective minimal growth media and introduced into multiplication medium for growth recovery. The multiplication medium consisted of MS salts and vitamins supplemented with 3% sucrose and 0.47 μM Kin in combination with 0.9 μM BAP and solidified with 2.3 g L −1 Phytagel. After the transfer, the explants were kept in a growth room in the presence of light at a temperature of 25±2°C, 16-h photoperiod, and 50 μmol m −2 s −1 irradiation.
The survival, multiplication rate and the length of the longest shoot were evaluated after 30 d of cultivation in this medium. The shoots were then transferred again to the same medium in order to verify their behavior in a second consecutive subculture. The experimental design was completely randomized, forming a 10×2 factorial design for varieties and culture media source (MC1 or MC2). The data were then analyzed by the Sisvar statistical program, and means were compared by the Scott-Knott test at 5% probability.
Genomic stability analysis by flow cytometry. Samples collected at 0 (control), 6, and 12 mo of in vitro storage were conducted in culture medium to the Tissue Culture Laboratory of the Agriculture Department, Federal University of Lavras-UFLA for the determination of genomic stability through flow cytometry.
Approximately 20-30 mg of young leaves from shoots and from the external reference standard (Lycopersicum esculentum L.) was used for sample preparation. The tissues were ground in Petri dishes (10×90 mm) containing 1 mL of cold extraction buffer to release the nuclei (Dolezel et al. 1994) . The buffer used for the analyses was Marie (Marie and Brown 1993) , composed of 50 mM glucose, 15 mM NaCl, 15 mM KCl, 5 mM Na 2 EDTA, 50 mM sodium citrate, 0.5% Tween 20, 50 mM HEPES (pH 7.2), and 1% (m/v) polyvinylpyrrolidone-10 (PVP-10).
After the extraction process, the nuclei suspension was aspirated with the aid of a Pasteur pipette and filtered through a 50-μm mesh. Nuclei were stained by addition of 25 μL of 1 mg mL −1 propidium iodide (Sigma, St. Louis, MO). The nuclear DNA content (pg) of the plants was estimated using the following formula: DNA of the sample=(G1 of the sample/G1 of the standard)×standard DNA.
The analyses were conducted in a FacsCalibur cytometer (BD, Bioscienses, San Jose, CA) and histograms statistically analyzed in WinMDI 2.8 software. The experimental design was completely randomized and for each time analyzed, we used four plants per variety and two readings in the cytometer. The DNA contents (pg) obtained were subjected to analysis of variance, and means were compared by the Tukey test at 5% probability in the Sisvar statistical program.
Rooting and acclimatization. After growth recovery, the sugarcane plants were separated and transferred to culture medium containing MS salts and vitamins plus 3% sucrose and 2.3 g L −1 Phytagel for rooting. The pH was adjusted to 5.8± 0.1 before autoclaving at 121°C at 1.5 atm for 20 min. After inoculation, the shoots were kept in a growth room under light conditions, temperature of 25±2°C, 16-h photoperiod, and irradiance of 50 μmol m −2 s −1 where they remained for 40 d.
Soon after, and while still in the growth room, we initiated the plant pre-acclimatization process. First, we removed the plastic wrap used to seal the test tubes, and 72 h later, the covers were also removed. After 48 h without any type of sealing, the shoots were washed in running water to remove residue from the culture medium and taken to the greenhouse where they were transplanted in trays of 60 cells containing substrate (Bioplant, Nova Ponte, MG, Brazil) and sand at a 1:1 (v/v) proportion. The survival percentage was assessed after 21 d of acclimatization in the greenhouse.
Result and Discussion
Determination of the culture medium to induce the slow growth of sugarcane varieties. To determine the optimal culture medium for the slow growth of sugarcane, we compared the mean survival rate, height, and new shoot production of plantlets subjected to different MS medium formulations regarding salt concentrations, types, and concentrations of carbohydrates and use of ABA (Table 1) . In relation to the salt (MS) concentrations, a high production of secondary shoots (10 per explant) and an average shoot growth of 8.2 cm were observed in the three media tested. However, the survival rate was higher when they were kept in medium containing less nutrient salts (½ MS), with a mean of 68% compared to 12.5% for full-strength MS.
The type of carbohydrate used in the culture medium, as well as its concentration was a determining factor in reducing the growth of plants maintained in vitro. Sucrose yielded taller and a higher number of secondary shoots than media with sorbitol or mannitol, which consequently undermined shoot survival over a longer period of cultivation, possibly by increasing the adsorption and/or depletion of nutrients of the culture medium (Table 1) . Mannitol, as a carbon source, presented the highest shoot mortality rate (90-100%) at all concentrations evaluated. The use of 3% sorbitol in the culture medium proved to be the best for reducing carbohydrate metabolism and especially for maintaining shoot survival, reaching an average of 100% at the end of the experiment.
In general, the addition of abscisic acid (ABA) significantly reduced the growth of the sugarcane plants (2.7 cm) and suppressed the production of new shoots (2.4 per explant). However, we found that 30.4-μM ABA was detrimental to shoot survival since only 10% of plants survived (Table 1) . Based on these results, the most appropriate culture conditions for the conservation of sugarcane varieties by minimum growth method required half-strength MS medium, with 3% added sorbitol.
Induction of minimal growth and recovery of growth. For the conservation of sugarcane, the modification of the culture medium and a reduction in cultivation temperature had a significant effect on in vitro plant growth and consequently the time required between subcultures. In general, culture medium devoid of ABA (MC1) provided the highest explant survival rates after 12 mo storage compared to the culture medium with ABA (MC2). However, we noted distinct behavior of the 10 varieties studied for the storage period (Fig. 1) .
The SP784764 variety responded better to our conservation treatments, since at 12 mo of storage, 85 and 100% survival rates were recorded when the explants were cultured in the presence or absence of ABA, respectively. Varieties RB83160, RB863129, VAT90-186, and VAT90-212 showed a similar behavior with respect to comparative shoot survival percentages in response to the culture media used for the minimal growth (Fig. 1) . In MC1, shoots remained viable for 12 mo without need for subculture. In the presence of ABA, however, there was a decreasing linear trend in their survival rates, but it was more accentuated for RB863129.
Two sugarcane varieties (SP701143 and RB99395) were more sensitive to storage at the conditions in this study, since shoot survival decreased significantly during the first month of incubation, especially when stored in the presence of ABA. At the end of 12 mo, we observed a survival of only 10% of the shoots of the RB99395 variety in MC1 (−ABA) and no survival of the SP701143 variety in MC2 (+ABA). Varieties RB845210, SP854594, and SP716949 showed a decreasing trend in the shoot viability during storage in minimal growth medium. For RB845210, the maintenance of explants in MC2 for more than 3 mo was detrimental to their survival (Fig. 1) . According to Naidu and Sreenath (1999) , in vitro conservation protocols must reflect the maximum survival rate with a minimum number of subcultures. In the present work, most varieties in culture medium with ABA (MC2) had survival rates below 60%, suggesting that including ABA was not optimal for the maintenance of sugarcane shoots.
The exogenous application of abscisic acid has been reported to enhance the adaptive responses of plants and tissues to various types of stress caused by the in vitro environment (Rai et al. 2011 ). However, it should be used at appropriate concentrations for growth retardation without compromising explant survival (Cid and Carvalho 2008; Silva and Scherwinski-Pereira 2011) . Silva and Scherwinski-Pereira (2011) observed a decrease in relative survival rates, shoot length, and number of buds, with increasing ABA concentration in conservation medium used for two species of Piper. While, for the conservation of Manihot esculenta, Cid and Carvalho (2008) found that ABA induced the dormancy and delayed sprouting, without affecting subsequent plant growth.
Previous studies with sugarcane reported tolerance of shoots to in vitro conservation by amendments to the culture medium composition and incubation temperature (Lemos et al. 2002; Sarwar and Siddiqui 2004) . However, the results reported by these authors are very different from those found for the sugarcane genotypes studied here. Lemos et al. (2002) showed that sugarcane shoots remained viable even after 1 yr in culture medium when the growth inhibitor ABA was applied at 3.8 μM together with 2% sucrose and a reduced growth temperature (15°C). In that study, the origin and variety of plant material were not reported. In general, the use of ABA in culture media has been reported in several studies aimed at the conservation of germplasm of plant species over the short-and medium-term (Watt et al. 2000; Gopal et al. 2004) or long-term, via cryopreservation techniques (Danso and Ford-Llyod 2008; Popova et al. 2009 ). However, the responses varied among various species.
In the present work, it was possible that the combination of the sugar alcohol (sorbitol) with the growth inhibitor (ABA) and the temperature reduced to 18°C resulted in excessive shoot growth restrictions for most of the sugarcane varieties studied. Unlike what was observed in the MC2 medium, satisfactory shoot survival levels (∼80%) were observed in storage using MC1, under the same conditions without ABA. This enabled explants to be maintained for 12 consecutive mo in vitro, without the need for culture medium renewal.
Given the conditions provided herein to the sugarcane genotypes, increased shoot growth was observed for shoots conserved in the absence of ABA (MC1; Table 2 ). In this medium, we observed the development of shoots with increased length and production of new leaves and shoots. However, during the 12-mo storage period, the growth ceased, and in some cases, older leaves became yellowish and necrotic (Table 2; Fig. 2) .
The explants maintained in MC2 had higher growth restrictions since they practically maintained the initial size of the shoots (1.5 cm). In general, the shoot behavior in the MC2 medium was similar for all varieties, and no statistical differences were detected in the variables analyzed ( Table 2) .
The preservation of plant material in vitro depends on the genotype, the type of explant, culture medium composition, environmental conditions, and the storage period. In general, medium with low nutrient availability causes explants to reduce their growth rate. However, maintenance over long periods can result in nutrient depletion that may affect their long-term survival (Ahmed and Anjum 2010) . To conserve Pyrus sp., the reduction of salts in the medium provided the best survival and regeneration rates for 6 mo, but after that time, death of shoots was observed probably due to depleted nutrient availability (Ahmed and Anjum 2010) . For Lata et al. (2010) , the combination of several factors, including contamination, desiccation, and reduction of nutrients in the culture medium, was detrimental to the survival of Podophyllum peltatum during storage. Figure 1 Behavior of Brazilian sugarcane varieties during 12 mo storage in vitro, in medium with or without 3.8 μM ABA. *Means followed by the same letter within each month of evaluation belong to the same group and do not present significant differences between treatments by the Scott-Knott test (P>.05). **Significant by the regression test.
In this work, despite the yellowing of older leaves throughout the conservation period in MC1, physiological damage to the explants and/or decrease in viability were not observed, a fact confirmed by the majority growth recovery. After 1 yr of storage under minimal growth conditions, shoots transferred to multiplication medium recovered rapidly through the emission of new leaves, shoot growth, and production of new shoots. It is noteworthy that the shoots visually assessed as viable, recovered growth during this phase Fig. 2A-D . All 10 varieties stored on MC1 responded well, and no significant differences were observed among them with respect to production of new shoots in two consecutive subcultures of 30 d each performed.
According to the results presented in Table 3 , the proliferation of secondary shoots was significantly higher in the second subculture. These results demonstrated a need for physiological recovery of explants prior to the resumption of the multiplication potential. Similar results were found by Marino et al. (2010) in the conservation of Prunus armeniaca shoots. These authors found that the highest shoot proliferation occurred in the second consecutive subculture, and the treatment applied during the storage period also influenced these results. Silva et al. (2012) noted differences in recovery of Vitis vinifera genotypes in terms of number of shoots and buds in various subcultures analyzed.
The sugarcane genotypes influenced reactivation of sugarcane explant growth on MC2. With regard to the production of new shoots, we observed superiority of SP716949 compared with the other varieties, with an average of 4.8 and 10.0 shoots per explant in the first and second subcultures, respectively. The RB83160 variety showed a significant increase in the production of new shoots in the second subculture (Table 3) . The other varieties showed a low secondary shoot production capacity after the conservation period. For both treatments, the Table 2 Length of shoots, number of roots and secondary shoots (sec) formed in sugarcane varieties during in vitro storage in culture medium supplemented or not with abscisic acid at a concentration of 3.8 μM.
Length (cm)
Number of roots Number of sec shoots shoot length, in general, was higher in the second subculture and did not differ significantly among varieties. For sugarcane that shows rapid growth and accelerated consumption of available nutrients in the culture medium, this work represents a breakthrough for maintaining germplasm under aseptic and controlled conditions. We observed a rapid growth recovery, and the multiplication potential was maintained even after the storage period. However, Liu et al. (2004) stated that the goal of plant genetic resource conservation covers not only the storage of germplasm but also the maintenance of low levels of variations of the material during this period. For these authors, any conservation method can be used provided that genetic material remains genetically stable.
Genomic stability analysis by flow cytometry. The amount of DNA determined by flow cytometry was calculated for the initial (control), intermediate (6 mo), and final period (12 mo) of in vitro storage for the 10 sugarcane varieties. In general, the analysis of the young inner leaves of the shoots produced in vitro resulted in a G1 DNA peak with coefficients of variation under 3%, i.e., within the acceptable range of 5% as a routine value (Marie and Brown; Dolezel and Bartos 2005; Fig. 3) . From the histogram analysis, we noted that despite the idea that sugarcane plants have generally tolerated the conservation conditions and remained morphologically normal throughout the experiment, they showed genomic instability at 12 mo of in vitro storage.
In Table 4 , a significant reduction in DNA content was verified in the relative amount of DNA estimated at 12 mo of in vitro storage for most of the varieties analyzed, except for VAT90-212 where the reduction was already observed after 6 mo of storage. Initially in the conservation experiment, the estimated DNA content ranged between 12.2 and 12.8 pg. After storage by minimal growth, induced by modifications in the composition of the culture medium and the physical environment, the values were less than 12.05 pg, alternating between higher and lower values among varieties. The SP784764 variety was the only one that did not differ statistically regarding the relative amount of DNA of the shoots for the three analyses (Table 4) . With respect to the source medium, we observed a reduction in the amount of DNA in plants stored in the presence of ABA (MC1) as well as in its absence (MC2; data not shown).
The relative size of the sugarcane genome is related to the number of chromosomes (Zhang et al. 2012) . As this species presents one of the most complex genomes in the plant kingdom, we can assume that the stress conditions caused by the in vitro environment may have lead to the occurrence of chromosome breakage and/or missing chromosomes, a result of the prolonged storage period or in response to environmental conditions (Deumling and Clermont 1989; Bairu et al. 2011) . Endemann et al. (2001) suggested that a prolonged time in culture could result in heterogeneous levels of nuclear DNA in regenerated plants. Similarly, Jin et al. (2008) observed a decrease in the relative amount of DNA in Gossypium hirsutum plants regenerated in vitro. According to these authors, the chromosome counts confirmed the results observed by flow cytometry and demonstrated the occurrence of aneuploid plants with losses of 4 or 5 chromosomes. Some authors believe that the late replication of heterochromatin in The multiplication medium consisted of MS basal medium with 3% sucrose, 0.47 μM Kin, and 0.9 μM BAP x Means followed by the same lowercase letters in a column do not differ statistically from each other and belong to the same group by the Scott-Knott test at 5% probability. Different capital letters within each variable differ by the F test y Dead shoots response to in vitro conditions and/or variations in the levels of DNA methylation can lead to the formation of bridges, chromosomal breaks, or rearrangements (Kaeppler et al. 2000; Endemann et al. 2001) .
Rooting and acclimatization. After in vitro storage for a period of 12 mo and the resumption of growth, the sugarcane plants formed adventitious roots in culture medium devoid of growth regulators and thus allowed transfer of regenerated plantlets to the greenhouse. Under ex vitro conditions, the plant survival percentage was higher than 90%, regardless of treatment source (MC1 and MC2). The sugarcane plants adapted efficiently to the new culture conditions, which were verified from the shoot growth and density of the root system Fig. 2E-F . In general, we noted that in spite of the variation in the amount of DNA detected by flow cytometry, sugarcane plants acclimatized after 1 yr of storage and presented as morphologically normal and healthy.
Conclusions
The combination of sorbitol and reduced growth temperature was efficient for survival of sugarcane varieties during in vitro storage by minimal growth. Under these conditions, the plants remained viable for a period of 12 mo, growth recovery was rapid, and shoot multiplication capacity also recovered during the second 30-d subculture. However, maintenance of genotypes in vitro for long cultivation periods led to genomic instability of the plants, detected by a reduction in the relative amount of nuclear DNA. Despite the reduction in the relative amount of DNA observed by flow cytometry analysis for most varieties examined, further studies and cytogenetic analyses should be performed on this material to detect and/or confirm any loss or chromosomes or other chromosomal abnormalities. Moreover, as the plants were morphologically normal, acclimatization in greenhouse and monitoring of their development in such an external environment is recommended. Through cytological studies, Sobhakumari (2012) detected variations in the number of chromosomes, as well as fragmented chromosomes, in sugarcane plants regenerated via somatic embryogenesis. However, in this case, phenotypic variations were also observed. Unlike these reports, numerous other species evaluated showed no variation in the relative DNA content in plants regenerated and propagated in vitro x Means followed by the same letter belong to the same group by the Tukey test at 5% probability ( Brito et al. 2010; Silva et al. 2011; Ochatt et al. 2013) , which ensures the efficiency of tissue culture techniques for the production of genetically stable and uniform plants. However, reports of genomic integrity by flow cytometry in plants maintained in vitro are scarce and have previously been nonexistent for sugarcane.
